. Influence of heat treatments on the mechanical properties and microstructure of a 50Cr-50Ni niobium containing alloy. A heat resisting 50Cr-50Ni niobium-containing casting alloy, particularly developed for petrochemical plants was studied. The alloy combines high temperature strength with fuel ash corrosion resistance. However, during service, the exposure to high temperatures gives rise to precipitation of embrittling phases, strongly depleoting the material ductility. Therefore, studies on the thermal aging at 700 C were carried outo either in the as cast condition or after heat treatments at 1000, 1075, 1150 C. Alloy modifications were analyzed from a microstructural point of view and through hardness measurements, with the aim of relating them to other mechanical properties. It was found that the thermal treatments, providing a coarse precipitation, were effective in preventing excessive embrittlement levels to be reached.
INTRODUCTION
In petrochemical and power steam plants, economical criteria lead to the adoption of low cost fuels, characterized by highly corrosive ashes. The low melting point of sulfides, chlorides and vanadium oxides in these combustion products, often lead them to be liquid at the operating temperatures. Thus the corrosion rate is increased because of the prevention from forming a protective oxide layer. Furthermore, the conditions are worsened by the high pressure and temperature needed to improve plants efficiency.
The manufacturing of structural components operating in power plants in the afore mentioned environment therefore requires alloys combining good mechanical properties and corrosion resistance. The usual high-temperature materials, such as Fe-Cr-Ni alloys, show inadequate corrosion resistance in the mentioned environment. On the contrary, some Ni-Cr a1 loys, particularly those with a nickel content in the range 40-70 wt.%, reveal excellent corrosion resistance, especially in vanadium-rich environments [I, 2, 31. In the present study, a 50Cr-50Ni niobium containing casting alloy featuring high corrosion resistance combined with satisfactory strength has been investigated. Despite the fairly good mechanical characteristics in the as cast condition, the alloy has been reported [21 to having undergone a considerable loss in ductility, particularly during the first days of service. In the present investigation, microstructural evolution during aging at particularly critical temperatures was monitored either in. the as cast condition or on samples previously annealed at 1000, 1075, 1150 C. The aim was to follow the development of the first drastic phenomena impairing ductility and to investigate the effects of preliminary structural modifications on the stability of the mechanical properties.
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The microstructure of the as cast alloy (electrolytically etched in 10 vol.% oxalic acid) is depicted in figure la. EDS elemental analysis revealed a microstructure consisting of a r-Ni phase matrix and of interdendritic regions (about 10 vol.%) rich in a-Cr phase. These latter, containing a limited amount of elongated zones, showed boundaries decorated by niobium-containing particles which revealed to be Nb(C, N) compounds. Apart from the above mentioned regions, no a-phase was observed in the matrix. Isolated chromium carbides were detected. The microstructure was almost completely free from lamellar eutectic, confirming the considerable effect of niobium addition on the reduction of this structure [4, 5, 61. When the alloy is exposed to operating temperatures or to thermal cycles, the non-equilibrium structural condition causes the precipitation of Cr-rich phase in the matrix and of Ni-rich phase in the interdendritic regions [4, 7, 81 . Similar modifications of the alloy microstructure can also be obtained by means of proper heat treatments. These can induce a desired coarse and globulized morphology of the precipitates, thus limiting further precipitation during exposure to high temperadture. In the present study three annealing treatments, at 1000, 1075, 1150 C for 1 hour (followed by water quenching), were carried out in order to compare the obtained microstructures and their alterations to those of the basic as cast condition during time.
In literature it has already been pointed out [91 :hat the most severe operating conditions for as cast components are at 700 C. Consequently, this temperature was chosen to study-the microstructural evolutions. Thus, four sets of samples were aged at 700 C for periods ranging from 0 to 192 hours in order to correlate the microstructure with the already known modifications of the mechanical characteristics during the first stage of service of the material in industrial plants.
MICROSTRUCTURAL EVOLUTION
Microstructural observations and quantitative metallographic studies were carried out to monitor the alterations brought about by aging. The relatively low amount of interdendritic regions and the small size of the r precipitates occurring in these areas prevented any reliable volume content measurement to be carried out. Therefore, the observations were focused only on the precipitation of a phase in the matrix. The particle volume content was measured by means of a point grid counting technique on SEM micrographs (magnification 6000X1, obtaining data within 10% accuracy. The shape and size distributions of a precipitates were obtained by applying the De-Hoff modified Schwartz-Saltikov theory [lo] on the size distribution of ellipsoidal particles with a fixed axial ratio. According to this method, the a precipitates were assumed to be prolate ellissoids [Ill with the same average axial ratio q (i.e. minor/major axis ratio).
During aging, the above described as coast microstructure rapidly modified (figure 1). In fact, a few hours at 700 C were sufficient to give rise to a massive, oriented and fine a precipitation in the matrix, After 24-hour aging a precipitation had already reached the amount of 53 vol. % and consisted of particles having an average minimum axis and an axial ratio of 0.12 ym and 0.21, respectively. An analogous phenomenon in the a phase of the interdendritic regions led to the precipitation of much finer and elongated phases. Subsequent structural changes consisted of the gradual decrease in precipitation rate (figure 2a) and in the contemporary coarsening and globulization of the precipitated particles. The structural modifications brought about by annealing at 1000 and 1075 OC are illustrated in figures 3 and 4, respectively. They mainly consisted of the appearance of a coarse oriented precipitation of a-Cr phase in the 7 matrix and of a finer ; I precipitation in the a phase. A few p wide precipitate-free zone around the a-Cr phase was noticed. These areas, together with the spaces in the matrix free from coarse precipitates, revealed to be nucleation sites for secondary finer precipitation during aging. The ~henomenon, that was noticed after 24 hours and 72 hours in the 1075 and 1000 C annealed condition, respectively, had only a slight influence on the overall precipitated particle volume content. Furthermore, the continuum coarsening of particles partially counterbalanced the effects of the secondary precipitation, resulting, after a 192-hour aging, in morphological parameters (Day and q in table I) similar, or even lower, than the initial ones. The 1 1 5 0~~ solution treatment resulted in a matrix containing only a few isolated and coarse a precipitates and in interdendritic regions with a greater amount of z zones with respect to the other material conditions (figure 5). The low amount'of precipitates in the unaged material did not allowed precise morphological and quantitative measurements. During the first dozen hours of aging, intense precipitation occurred in both phases. The morphological evolution of z precipitates was similar to that in the as cast condition. Again, the precipitate-free matrix/interdendritic interface which was evidenced after aging for 24 hours, became gradually decorated by the a-Cr constituents. The structural alterations led to a volume content curve similar to the corresponding trend of the as cast condition, though reaching a lower final value (figure 2a). Rockwell C hardness tests were performed on the aged samples to follow the overall hardness evolution during exposure time. The results are depicted in figure 2b. The curves followed a trend similar to that of the volume contznt of a precipitation in the matrix except for the material annealed at 1150 C, where a considerable initial hardness corresponded to a material almost completely free from a precipitates.
DISCUSSION AND CONCLUSIONS
Microstructural observations pointed out that exposure to high temperature, during the examined annealing treatments and/or aging had brought about the contemporary precipitation of a and phases in matrix and interdendritic a-rich regions, respectively. This fact, caused by the presence of supersaturated phases in the as cast material, resulted in a global increase of the a phase volume fraction in the microstructure. Thus, the similarity between the evolution curves of the Rockwell hardness and the amount of the a-pre~ipitate~could be explained. The occurrence of secondary precipitation in 1000 and 1075 C annealed conditions did not influenced hardness significantly. a prec. vol. %
The microstructural alterations monitored during the first hundred hours of aging were in good agreement with the mechanical behaviour of the alloy, observed in previous works [3, [4] [5] [6] [7] 91 data by Ennis [ 9 ] , related to the as cast condition aged at the same temperature.
According to Ennis data [91, the tensile strength of the as cast condition doubled during the first 64 hours of aging. By this time the present study evidenced the occurrence of the most drastic changes in the microstructure.
The volume content of a precipitates in the matrix raised from zero to about 60 percent and the hardness of the material, 90 HRB in the unaged as cast condition, overcame 40 HRC. Fracture elongation, as expected, behaved in an opposite manner. The elongated shape and fine size of both a and y precipitates was responsible for the drastic decrement in ductility of the alloy after the first aging period (table 11). The gradual particle coarsening, that is likely to continue for longer aging times, can be related to the limited recovery of ductility, which was observed to begin between 1000 and 5000h [91. The annealing treatment at 1 1 5 0~~ resulted in a very limited amount of coarse a precipitates in the unaged samples. However, fine a secondary precipitation rapidly took place during aging. Its nucleation was observed to occur during the transient to the aging temperature. The morphology of the fine precipitates was similar to that of the as cast condition whose greater amount corresponded to greater hardness values.
Heat treatments at 1000 and 1075'~ and the following aging had similar effects on the material structure. In both cases, the annealing treatment promoted precipitation. The precipitates, about 40 vol.%, were coarser and more globular wiih respect to those formed after aging for 192h in the as cast and in the 1150 C heat treated material conditions. Their presence corrzsponded to the higher strength and lower ducttlity observed for the 1000 C annealed material (table 11) . Exposure to 700 C caused a secondary fine precipitation of limited amount and a continuous coarsening of the already present particles which led too the observed slight modifications of mechanical characteristics of the 1000 C heat treated condition after aging for 100 hours and would pr~bably~result in a recovery of ductility after longer aging times. As far as the 1075 C heat trzatment is concerned, microstructural evolutions similar to those of the 1000 C annealed condition, are likely to give rise to similar modifications of the mechanical characteristics. 
